Mapping tool
Vertical resolution The electro-magnetic wave used in Georadar provides the highest resolution ever achieved in geophysics. This technique unfortunately does not work well in conductive sediments (such as clay) or in some areas with a high conductive water table.
Gravity. The gravity method has shown very good results in mapping the bedrock-unconsolidated sediment interface with an estimated average error of 10-20 %. Internal structures within the unconsolidated sediments can be mapped only at a very low resolution.
Acoustic techniques.
Developed for locating and mapping oil reservoirs, acoustic methods can also be used as a tool for high-resolution mapping of shallow geologic targets (Hunter et al., 1984, Steeples and Miller, 1990) . Figure 1 shows a tunnel valley imaged by shallow acoustic techniques. The sand filling this valley constitutes a major regional aquifer (Pugin et al. 1999) . Refraction. Seismic refraction surveys have been successful in mapping interfaces with large acoustic contrasts, such as the water table and the bedrock-soft sediment interface (e.g. Kempton et al. 1991) . More subtle interfaces, thin layers, multiple layers, and soft sediments beneath hard ones are problematic targets for refraction surveys. P-wave reflection. High resolution seismic reflection methods using compression waves (or P-waves) give good results when applied to mapping Quaternary sediments up to 300 m deep. Despite the high quality obtained with this technique, its use is restrained by several limitations. Where the velocity of near-surface sediments is very small, 800 m/s or less, the high frequencies required for good resolution are missing. Examples include soil with high organic matter content and areas where loess, gravel, or sand occur at the surface with a water table between 5 and 20 m deep. Near-surface water tables and tills with high velocity (1,200 to 2,500 m/s) usually provide outstanding results. A surface velocity of 1,450 m/s (velocity of pure water) gives optimum results in regard to both frequency content and signal penetration.
For most shallow studies, down to 200 m the in-hole shotgun provides the best signal penetration and the highest frequency content. However, this source is relatively expensive and labor intensive. To increase productivity, we have chosen to use a 50-kg accelerated hammer that impacts on a steel plate on a road. Using this technique, with 6-7 workers, we have acquired up to 2 km/day of high-quality information. The method requires a substantial financial investment and experienced operators for data processing. Horizontal shear wave (SH-wave) reflection. Because of its potential to provide high resolution images from very shallow horizons, the horizontal shear wave seismic reflection technique has gained more attention in recent years. The main disadvantage of the technique is that it requires a short receiver spacing that decreases the production rate. Typically, polarized SH-waves are generated by striking a weighted post twice, in opposite directions, further increasing the effort at each location. We are developing a land-streamer with geophones attached on sleds to increase efficiency, and lower costs by using fewer workers and less expensive equipment. Further efficiencies are realized by the use of multiple geophones instead of multiple shots to enhance the signal level of the polarized SH-waves. SH-waves are not affected by the fluids in the porosity; this means that difficulties encountered with gas content in soil and sediments while using the P-wave technique does not affect the SH-wave technique. Figure 3 shows a 1.5 km SH-wave section over an Illinois Episode tunnel-valley. Data acquisition for this image required only four people and took just two days. Drift-gas, concentrated at the base of the Wisconsin Episode till, obscured the images of the deeper sediments when using the P-wave seismic reflection technique. Conclusions. Geophysical methods can provide the data necessary to create high resolution maps of subsurface sediments in the absence of abundant outcrop information and to supplement data from borehole logs. A combination of surface and borehole geophysics with a good sedimentary model can provide accurate predictions of the location of subsurface geologic units at both a regional and large scale. These geophysical techniques will provide very useful data for shallow mapping applications, especially for engineers and hydrogeologists.
